Abstract. Due to poor prognosis in advanced non-small cell lung cancer (NSCLC), new effective markers are required in the monitoring of the disease. The present study aimed to investigate the association between the serum IL-1 receptor antagonist (IL-1Ra) level, overall survival (OS), and treatment response in NSCLC, and to evaluate the usefulness of the serum IL-1Ra level as a prognostic marker for NSCLC. Eighty patients (72 men and 8 women) and 40 healthy volunteers (13 men and 27 women) were included in the present study. The median progression-free survival was 16 weeks for patients with high serum IL-1Ra levels, and 35 weeks for patients with low serum IL-1Ra levels (P=0.027). The median OS was 38 weeks in patients with a high serum IL-1Ra level, and 62 weeks in patients with a low serum IL-1Ra level (P=0.065). The results of the present study have demonstrated that there was a significant correlation between IL-1Ra levels and NSCLC progression and survival, although the correlation between IL-1Ra levels and the response to treatment was not statistically significant. Therefore, the pre-treatment IL-1Ra level has been identified as a putative prognostic factor for NSCLC.
Introduction
Lung cancer was the leading cause of cancer-associated death in the US in 2015. An estimated 221,000 new cases of lung cancer were diagnosed, and 158,000 cancer-associated mortalities were recorded (1) . Although smoking (90%) represents the highest risk factor for lung cancer (2) , only 10-15% of smokers are diagnosed with lung cancer, which indicates that other environmental factors, including asbestos, chromium, nickel, beryllium, arsenic, silica, cadmium, radon, chronic obstructive pulmonary disease, and genetic factors also serve a key role in the etiology of the disease (3) .
The American Joint Committee on Cancer (AJCC) clinical staging system is the most widely accepted tool in the evaluation of prognosis and survival of lung cancer (4) . Serum albumin, C-reactive protein (CRP), hemoglobin, lactate dehydrogenase (LDH), the leukocyte count, interleukin (IL)-6, and tumor necrosis factor-α (TNF-α) levels have been also shown to serve a predictive role (5) . Furthermore, epidermal growth factor receptor, anaplastic lymphoma kinase, proto-oncogene tyrosine-protein kinase and Kirsten rat sarcoma 2 viral oncogene homolog mutational analyses have gained in importance in recent years, as they are helpful in terms of planning the treatment (6) .
In addition, IL-1 is a versatile cytokine, which has unique physiological roles, including cytokine secretion in autoimmune diseases, vascular permeability, and induction of fever in sepsis (7) . Previous studies have revealed that increased IL-1 secretion enhances the expression of genes that encode proteins involved in metastasis [i.e., matrix metalloproteinases (MMPs)], and secretion of growth and angiogenic factors, including vascular endothelial growth factor (VEGF), IL-8, IL-6, TNF-α and transforming growth factor-β (8, 9) . Furthermore, IL-1 receptor antagonist (IL-1Ra) is a member of the IL-1 family, having homology with IL-1α and IL-1β (10) . IL-1Ra binds to IL-1 receptors in a competitive manner without exerting biological activity. It is naturally produced, and competitively inhibits IL-1RI in T-lymphocytes and fibroblasts (11) . Due to its ability to inhibit collagenase and prostaglandin synthesis, the recombinant version of IL-1Ra, anakinra, has been developed for the treatment of rheumatoid arthritis. Anakinra is able to reverse the IL-1-dependent effects (11) . IL-1 induces tumor growth and metastasis (12) , whereas, by contrast, IL-1Ra inhibits IL-1α and IL-6 secretion in cancer cells. The use of anakinra for the treatment of rheumatoid arthritis has revealed that the drug is well absorbed, with a safe side-effect profile, which makes it a good candidate for the treatment of cancer types caused by inflammation. Therefore, a number of studies have been performed to investigate whether IL-1Ra inhibits the effects of IL-1 and is effective as a treatment of choice in cancer therapy (8, 12) . These studies have demonstrated that IL-1Ra suppresses metastasis and tumor proliferation, thereby inhibiting synthesis of angiogenic factors, such as VEGF and IL-8 (12).
The present study aimed to investigate the possible association between the serum IL-1Ra level, overall survival (OS), and treatment response in advanced non-small cell lung cancer (NSCLC), and to evaluate the usefulness of the serum IL-1Ra level as a prognostic marker for NSCLC. Statistical analysis. Statistical analysis was performed using SPSS version 16.0 software (SPSS Inc., Chicago, IL, USA). A cut-off value for IL-1Ra was calculated as 10 ng/ml. Values that were equal to or lower than the cut-off value were considered low, whereas values exceeding the cut-off value were considered high. The chi-square and Mann-Whitney U tests were used to compare the characteristics of the patients with NSCLC and healthy controls. The Spearman and Pearson's correlation tests were used for the correlation analysis. Kaplan-Meier survival plot analysis was used to calculate OS, progression-free survival (PFS), and survival curves. Cox regression analysis was used to determine the factors affecting the survival of patients and progression of the disease. A confidence interval of 95% was used. P<0.05 was considered to indicate a statistically significant difference.
Patients and methods

Results
Demographic and clinical characteristics of the patients and controls are shown in Table I .
Survival was shorter in patients with high serum IL-1Ra levels (38 weeks), compared with the patients with low serum IL-1Ra levels (62 weeks; P=0.065). In addition, serum IL-1Ra levels had an impact on progression. The time until progression was significantly shorter in patients with high serum IL-1Ra levels (16 weeks) compared with the patients with low serum IL-1Ra levels (35 weeks; P=0.027).
Cox regression analysis revealed that albumin and ferritin levels had a significant impact on progression (P= 0.042 and P=0.001, respectively). The Cox regression analysis for PFS is shown in Table II .
Multivariate analysis showed that the albumin level, the elevated CRP level, and the level of IL-1Ra had an impact on OS (P=0.019, 0.05 and 0.04, respectively). Low albumin levels were associated with a 3-fold decrease in OS, whereas high CRP levels were associated with a 2.9-fold decrease in OS. High serum levels of IL-1Ra were associated with a 2.2-fold decrease in OS. Cox regression analysis for OS is shown in Table III .
The serum levels of IL-1Ra exhibited an inverse correlation with the median PFS. The median PFS was 16 weeks (95% CI: 12-19 weeks) for patients with high serum IL-1Ra levels, and 35 weeks for patients with low serum IL-1Ra levels (95% CI: 12-57 weeks; P=0.027) (Fig. 1) .
High serum levels of IL-1Ra were associated with a decreased median OS. Accordingly, the median OS was 38 weeks (95% CI: 26.05-49.94) in patients with a high serum IL-1Ra level, and 62 weeks (95% CI: 40.0-83.9) in patients with a low serum IL-1Ra level (P=0.065) (Fig. 2) .
Discussion
IL-1, which is a versatile cytokine, exerts a key role not only in physiological processes, but also in pathological processes, such as those concerned with autoimmune diseases, sepsis, and malignancies (12) . The IL-1 family consists of proinflammatory and immunoregulatory cytokines, including IL-1α, IL-1β and IL-1Ra (13) . IL-1α and IL-1-β act as agonists, whereas IL-1Ra has antagonistic effects. Although IL-1α and IL-1-β are encoded on different genes, they bind to the identical receptor with similar functions (11) . Despite sharing the same biological function, however, IL-1α is localized in the cytoplasm or cell membrane and serves a key role in intracellular regulation (11) . By contrast, IL-1β is first processed by IL-1β converting enzyme, and the resulting mature form is subsequently secreted. The increase in IL-1β concentration in case of an infection or inflammation, rather than of IL-1α, suggests that IL-1β exerts systemic effects (11) .
IL-1Ra inhibits the inflammatory and tumor-activating properties of IL-1 (12) . In vivo studies on mice revealed that IL-1Ra suppresses angiogenesis, tumor growth, and metastasis (13) . IL-1Ra levels are also raised in autoimmune disorders in which the levels of IL-1 are increased, such as metabolic diseases, sepsis, and cancer; therefore, the IL-1Ra level may be used as an indicator of IL-1 activity (12) .
Previous studies on IL-1 have demonstrated that IL-1 acts as a tumor growth factor, and increases proliferation of tumor cells (11) . In addition, IL-1 is known to induce metastasisinducing molecules (e.g., MMPs) and angiogenic molecules (e.g., VEGF) (8) . Angiogenesis serves a key role in tumorassociated inflammation, tumor growth, and metastasis.
The protein expression of IL-1Ra in lung cancer tissues is markedly higher compared with that of normal lung tissue (14) . This finding is interpreted as an 'escape mechanism' from host defense systems.
In the present study, it has been shown that the levels of serum IL-1Ra were higher in patients with NSCLC compared with the control subjects; however, the difference between the groups was not statistically significant. Similarly to our results, a previous study revealed that IL-1Ra levels were higher in patients with thyroid cancer (15) . In normal cells, IL-1 secretion is mediated via inflammatory stimulation or cytokines, whereas tumor cells synthesize and secrete IL-1 through an autocrine mechanism. In contrast with the situation in normal cells, tumor cells exhibit non-selective IL-1 secretion. IL-1 is rarely secreted from normal cells; however, it is continuously synthesized in different cancer cells (7) . Inflammation is frequently investigated in the etiology of different cancer types, including thyroid cancer. The immune system is hyperactive in Hashimoto's thyroiditis, and an association between this disease and thyroid cancer has been reported (15) .
In addition, a complex association exists between IL-1Ra and the severity of inflammation. Studies on different cancer types (including pancreatic cancer and breast cancer) have revealed that high levels of IL-1Ra are correlated with the severity of disease (16, 17) . On the other hand, a negative correlation between IL-1Ra levels and disease severity was identified in the case of acute myeloid leukemia (17) . These findings may be interpreted as follows: An increase in the serum levels of IL-1Ra is able to reduce the tumor-aggravating effects of IL-1; in this case, it is also able to decrease the severity of the disease. However, in certain cancer types, IL-1RA may fail to reduce these effects, and the tumor prognosis may consequently become worse, despite the presence of high serum IL-1Ra levels (17).
Danis et al (18) demonstrated that IL-1 receptor antagonist gene allele 2 (ILRN*2) polymorphism led to increased levels of IL-1Ra and a decrease in IL-1α synthesis. High IL-1Ra levels and inflammation are considered to decrease the removal of carcinogenic polycyclic hydrocarbons, which are taken into the body following exposure to smoking. Hu et al (19) suggested that the ILRN*2 polymorphism was associated with a decreased risk of lung cancer. This functional polymorphism affects serum IL-1Ra levels and exerts a role in the immune response and in cancer risk. In a previous study, the effect of polymorphism on cancer risk was compared between patients with a lung cancer diagnosis and healthy control subjects. The presence of this polymorphism was associated with a 32% decrease in the risk of lung cancer, and, in particular, a 47% decrease was observed in the non-smoking group (19) . A subsequent study revealed that the IL-1Ra gene polymorphism alone did not increase cancer risk, but that the cancer risk was increased when the IL-1β gene polymorphism was also present (20) . According to a Norwegian study, carrying a homozygous ILRN*1 allele and the IL-1B-31T allele together increases the risk of NSCLC by 3.08-fold (21).
McKeown et al (22) compared serum levels of IL-1RA and other inflammatory cytokines between patients with NSCLC and healthy control subjects. These authors demonstrated that the serum levels of IL6, IL8, CRP, and IL-1Ra were significantly higher in the NSCLC group compared with the control group (22) . In addition, these authors also identified a significant correlation between serum IL-6 and IL-1Ra levels, and serum CRP levels. These findings suggested that, in addition to the serum level of CRP, the serum level of IL-1Ra may also serve as a prognostic marker for NSCLC.
In a comparative study, 68 inflammation markers in the circulation were analyzed among patients with lung cancer, who were enrolled in a follow-up study along with patients with prostate cancer, colorectal cancer, ovarian cancer, and healthy control subjects (2) . Among these parameters, high levels of serum IL-1Ra were associated with a 29% decreased risk of lung cancer. Subgroup analyses revealed no significant differences existed between individuals who had never smoked (P=0.25) and those who were active smokers (P=0.71), whereas a significant difference was observed in ex-smokers (P<0.001). In that study, serum samples were collected 2.9 years (median) prior to the diagnosis of lung cancer. Therefore, monitoring the serum IL-1Ra levels in individuals who are at risk of lung cancer (e.g. smokers, and sufferers of pulmonary fibrosis, chronic obstructive pulmonary disease, and chronic pulmonary infections) may be useful for an early diagnosis of lung cancer.
Furthermore, previous studies on IL-1Ra have revealed that tissue levels of IL-1Ra/IL-1β are negatively correlated with VEGF in patients with colorectal cancer, and IL-1Ra inhibits VEGF and reduces invasion (7) . As VEGF enhances angiogenesis, and leads to a poor tumor prognosis, anti-VEGF antibodies (e.g., bevacizumab) are used for the treatment of lung cancer. Infusion treatment with an IL-1Ra analog (anakinra) is used for patients with rheumatoid arthritis, and this has a safe side-effect profile. The combination of agents which inhibit the effects of IL-1 and reduce the VEGF secretion (e.g., anakinra) with bevacizumab may also lead to an increase in treatment efficacy, leading to reduced toxicity due to lower doses (7) .
In a further study, Herfs et al (23) exposed the rats to cigarette smoke for 16 h, and demonstrated that treatment with anakinra led to a marked reduction in epithelial hyperplasia, and eliminated the development of squamous metaplasia, which is a pre-malignant lesion. Thus, the authors suggested that anti-IL-1Ra treatment for chronic obstructive pulmonary disease may serve a useful role in prevention of lung cancer through epithelial remodeling (23) .
Previous studies on patients with estrogen receptornegative (ER-) breast cancer have demonstrated that IL-1Ra negativity is a prognostic factor. Angiogenesis is a critical process for breast cancer growth, and VEGF is able to induce angiogenesis and accelerate tumor growth, thereby leading to a poor prognosis. IL-1 enhances angiogenesis by inducing VEGF expression (17) . It appears that the expression level of IL-1Ra increases when IL-1 levels are high; however, this increase is not sufficient to inhibit the effects of IL-1 in breast cancer.
In the study, PFS and OS were shorter in patients with a level of high IL-1Ra, suggesting the presence of severe inflammation in these patients. On the other hand, the high IL-1Ra levels did not appear to serve any protective roles.
In conclusion, the present study has demonstrated that there was a correlation between the levels of IL-1Ra and NSCLC progression and survival, although the correlation between IL-1Ra levels and the response to treatment was not statistically significant. Given the safe side-effect profile of IL-1Ra-associated drugs, and the importance of IL-1 in cancer, the use of such drugs for cancer treatment appears to afford a feasible approach. However, additional, well-designed, large-scale studies are required to investigate the potential of IL-1Ra for cancer treatment. 
